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• Evaluate the impact of NSTEMI PCI volume and STEMI PCI 
volume on inpatient mortality and complication rates. 

• Assess various methods to calculate standard errors and 
confidence intervals for each of the effects generated by the 
volume-dependency model:
• Clopper-Pearson (i.e., ‘exact’).
• Agresti-Coull. 
• Jeffreys.
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Objectives



Specific Aims

• Analysis #1: The Impact of NSTEMI PCI Volume on Mortality 
and Acute Kidney Injury Rates.

• Analysis #2: The Impact of STEMI PCI Volume on Mortality 
and Acute Kidney Injury Rates.

• Analysis #3: The Impact of Selected Standard Errors and 
Confidence Intervals on Outlier Status Relative to Mortality 
and Acute Kidney Injury.



• American College of Cardiology’s National Cardiovascular Data 
Registry (ACC-NCDR) for CathPCI:

• Hospitals submit detailed data to the registry.

• Participating hospitals receive feedback on their quarterly 
performance for processes of care and outcomes metrics relative 
to previous performance. 

• Benchmarked against the national performance of all participants 
in the ACC-NCDR CathPCI.

• Maryland Hospitals.

• Years: 2015 to 2019.
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Methods - Data



• Mortality:

• Inpatient mortality identified by discharge disposition.

• Acute Kidney Injury (AKI):

• Identified through criteria modified from the Acute Kidney Injury 
Network (AKIN) criteria.

• New need for dialysis post procedure.

• Absolute increase of ≥0.3 mg/dL in serum creatinine pre- and 
post-PCI.

• Relative increase of 50% in serum creatinine pre- and post-PCI.
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Methods – Dependent Variables



• PCI indication variable in the CathPCI databases used to identify 
NSTEMI PCI and STEMI PCI cases.

• PCI indication:

• PCI for high-risk Non-STEMI or unstable angina.

• Immediate PCI for STEMI.

• PCI for STEMI (Unstable, >12 hours from symptom onset).

• PCI for STEMI (Stable, >12 hours from symptom onset).

• PCI for STEMI (Stable after successful full-dose Thrombolysis).

• Rescue PCI for STEMI (after failed full-dose lytics).
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Methods - Explanatory Variables



• Mortality Risk-Adjustment Variables:

• Age, race, sex, body mass index, previous congestive heart failure, previous 
cerebrovascular disease, peripheral vascular disease, chronic lung disease, 
previous PCI, diabetes, admission symptom presentation, cardiogenic shock, 
pre-operative intra-aortic balloon pump, ejection fraction, and PCI status 
(elective, urgent, emergent, salvage). 

• AKI Risk-Adjustment Variables:

• Age, sex, body mass index, previous congestive heart failure, diabetes, 
hypertension, previous myocardial infarction (MI), previous PCI, previous 
coronary artery bypass grafting (CABG), previous cerebrovascular disease 
(CVD), previous peripheral arterial disease (PAD), chronic lung disease, and 
multiple PCI procedures.
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Methods – Risk Adjustment



•Hierarchical Logistic Regression Models:
• Inpatient mortality & AKI are discrete events.
• Modeled at the patient-encounter level.
• Encounters occur within hospitals.
• Estimate hospital-specific effects.
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Methods – Analytic Approach



• Separate Analysis by NSTEMI PCI and STEMI PCI volume.

• Two-Category Assessment:
• Low- and high-volume hospitals based on the median 

counts of PCI procedures by hospital for indication from 
2015 to 2019.

• Three-Category Assessment:
• Hospitals categorized into three groups by terciles, using 

the 33rd and 66th percentile PCI counts by hospital.
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Methods – Volume-Outcome Relationship
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RESULTS: UNADJUSTED NSTEMI PCI 
VOLUME BY HOSPITAL, 2015-2019
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RESULTS: CHARACTERISTICS BY NSTEMI 
PCI VOLUME MEASURES
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CLINICAL MEASURES BY NSTEMI PCI 
VOLUME
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INCREMENTAL EFFECT OF INCREASING 
NSTEMI PCI VOLUME

INCREMENTAL EFFECT OF INCREASING 
NSTEMI PCI VOLUME ON MORTALITY

INCREMENTAL EFFECT OF INCREASING NSTEMI 
PCI VOLUME ON ACUTE KIDNEY INJURY

Implication: NSTEMI PCI volume is not an independent factor in 
explaining the mortality or AKI rates
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EFFECT OF MEDIUM AND HIGH 
NSTEMI PCI VOLUME TO LOW 

VOLUME

EFFECT OF MEDIUM AND HIGH NSTEMI PCI 

VOLUME ON MORTALITY COMPARED TO LOW 

VOLUME

IMPACT OF HIGH VS LOW NSTEMI PCI VOLUME 

ON ACUTE KIDNEY INJURY COMPARED TO LOW 

VOLUME

Implication: NSTEMI PCI volume is not an independent factor in 
explaining the mortality or AKI rates
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RESULTS: UNADJUSTED STEMI PCI 
VOLUME BY HOSPITAL, 2015-2019
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RESULTS: CHARACTERISTICS BY STEMI PCI 
VOLUME MEASURES
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CLINICAL MEASURES BY STEMI PCI 
VOLUME
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INCREMENTAL EFFECT OF 
INCREASING STEMI PCI VOLUME

INCREMENTAL EFFECT OF INCREASING 
STEMI PCI VOLUME ON MORTALITY

INCREMENTAL EFFECT OF INCREASING STEMI 
PCI VOLUME ON ACUTE KIDNEY INJURY

Implication: STEMI PCI volume, after controlling demographic and clinical 
characteristics, tend to be associated with lower mortality and AKI rates
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EFFECT OF MEDIUM AND HIGH 
STEMI PCI VOLUME COMPARED 
TO LOW VOLUME

EFFECT OF MEDIUM AND HIGH STEMI PCI 

VOLUME ON MORTALITY COMPARED TO LOW 

VOLUME

IMPACT OF HIGH VS LOW STEMI PCI VOLUME 

ON ACUTE KIDNEY INJURY COMPARED TO LOW 

VOLUME

Implication: STEMI PCI volume, after controlling demographic and clinical 
characteristics, tend to be associated with lower mortality and AKI rates



20

Comparison of Actual Minus Risk-Adjusted NSTEMI Mortality 
Proportions Using Clopper-Pearson (Exact), Agresti-Coull, and 
Jeffreys Methods to Calculate Standard Errors, 2015 – 2019
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Comparison of Actual Minus Risk-Adjusted NSTEMI Acute Kidney 
Injury Portions Using Clopper-Pearson (Exact), Agresti-Coull, and 
Jeffreys Methods to Calculate Standard Errors, 2015 – 2019
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Comparison of Actual Minus Risk-Adjusted STEMI Mortality 
Proportions Using Clopper-Pearson (Exact), Agresti-Coull, and 
Jeffreys Methods to Calculate Standard Errors, 2015 – 2019
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Comparison of Actual Minus Risk-Adjusted STEMI Acute Kidney 
Injury Portions Using Clopper-Pearson (Exact), Agresti-Coull, 
and Jeffreys Methods to Calculate Standard Errors, 2015 – 2019



• Impacts on outcomes of care related to NSTEMI PCI volume are 
modest, at best, and explained by variance in patient severity.

• Hospitals with relatively high STEMI PCI volume have lower mortality 
and kidney injury rates after controlling for demographic and clinical 
factors.

• The method used to calculate standard errors and confidence 
intervals for inpatient deaths and acute kidney injury proportions 
does not make a substantive difference in identifying outlier hospitals 
for STEMI PCI cases and NSTEMI PCI cases.
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Key Findings



• Although there were thousands of admission-level observations for 
NSTEMI and STEMI PCI procedures for each year, the analysis of the 
extent to which hospitals are outliers depends on the results from 
Maryland hospitals.

• National assessment of hospital outliers using the full NCDR 
database could include approximately 2,400 hospitals. 

• The ability to detect differences in hospital outcomes is easier with 
a larger sample.

• The definition of outlier affects the number of hospitals identified as 
outliers.

• Risk-adjustment either pre- or post-identification of outliers.
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Limitations



Questions ?


